Excreted Factor (EF) is a carbohydrate-rich material released by different
strains of Leishmania during growth. It has antigenic properties similar to those of h intact parasite and plays a role in the infective process. the study of the biosynthesis of EF (e) the preparation of inhibitors of particular biosynthetic steps of EF.
Isolation and purification of EF is necessary for:

DD
3. Purification of EF was achieved by classical extraction and chromatography procedures followed by affinity chromatography. The purified preparations were characterized stressing the carbohydrate mni-ty in EF which contains a high proportion of qalactose. The results are instrumental in more advanced physical, chemical and inmmuoloqical studies. 4 . We have developed a radioimmunoassay for leishmaniasis utilizing purified EF. The assay can distinguish between Leishmania strains and once further developed, should prove most val~i-a iT(?or the diaqnosis of the disease.
!5. EF plays a role in the infective process of Leishmmania. We have now shown that surface carbohydrate, related to
TVy a role in the initial ittachmnent of Leishmania promastiqntes to macrophaqes --a V stage that is a prelude to their engulfment by the macrophaqes followed by multiplication in the cells. 
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2. Purification and characterization of EF 3 Excreted factor (EF) is a carbohydrate-rich protein excreted by different strains of Leishmania. JlOur first annual report nas demonstrated the presence of very high galactose content in EF, a property that could be shared also by the surface carbohydrates of the parasite. EF hias imnunological properties similar to those of the intact parasite and may play a role in the infective process. After it was shown to be species-specific, EF became the basis for serotyping ( Leishmanla strains, and is a valuable tool in diagnostic, demographic and ecological studies of the disease f. The diagnostic methodology, however, Is generally insufficient and the development of a reliable radloinunoassay (RIA) seems most valuable.
3.
Purification and Characterization of EF
EF is produced in relatively small quantities by Leishmania promastigotes in culture. Purified EF was required for (a)RIAdevelopment, (b) attachment studies and (c) chemical and physical analysis.
EFs from both L. tropica (L117) and L. donovani (L52) were previously partially purified by physical and cehmica methods including ammonium sulphate and acid precipitation, as well as chromatography on Sephadex columns 3 5, .
In all these procedures, some of them rather harsh, substances originating from the growth medium were found to contaminate the EF preparations. This level of purification was not satisfactory for either analytical purposes nor for studying the biological function of EF.
The present work includes two new approaches to this problem, established by following two leads: (a) EF from L. donovani inhibited a-galactosidase activity prepared from C 3 11 an-TSBl-macrophages 7 (Report io. 1, p.4).
In addition, we have recently shown 8 that EFs from both L. donovani and L. tropica, independent of mode of preparation, inhiblE a' ctosid e from E. cl; ad (b EF is insensitive to precipitation by a wide variety o--F-etins7, 9 ,10. However, PNA was found by us in this work (Report No. 1, p. 4) to precipitate the EF of L tropfca after TCA-treatment, using immunodiffusion methods .
I0 further examine the interaction of EF with PNA, immunoelectrophoresis was performed. Partially purified EF from both L. donovani and L. tropjia when treated with PNA ran a shorter distance on nYiunoeecrop oresis than did untreated EF (Report No. 1, p. 4), thus indicating formation of a soluble EF-PNA complex. In conclusion, EF possesses non-reducing galactose and even 0-galactosyl residues that could serve as "handles" for affinity chromatography on galactose binding affinity columns.
Peanut lectin (PNA) was obtained from either Sigma or Makor, Jerusalem, or produced in large quantities in our laboratory by slight modification of the method of Terao et al. 1 1 (Report No. 1, p. 12). Agarose-RIcinus Communis Agglutinin 120 (1.1 mg protein per ml resin) was a prodoctof-il---Yeda, Rehovot. JAninoethyl cellulose was purchased from Sigma.
Isolation and phenol extraction of EF L.-pca L. donovani promastigotes were cultivated in LIT medium supplemented wlt-Of foetal calf serum and antibiotic --100 Vg streptomycin and 100 u penicillin per ml. Cultures at the logarithmic phase of the growth were centrifuged 7 min at 1500 xg. The supernatant was removed and concentrated to 1/10 the original volume and dialyzed for 3 days against distilled water. The dialyzate was concentrated again and extracted with phenol. The aqueous phase was dialyzed for 3 (lays against distilled water and the dialyzed joncentrated EF wa% fractionated on Sephadex G-100 column (Fig. 1) . The fractions containing EF as detected by immunodiffusion were pooled, concentratnd hy freeze-drying and dialyzed again for 3 days against saline. No phosphate was detected in this EF preparation' 2 .
Affinity chromatography using immobilized PNA Purification of EF was achieved by binding PNA to a column of aminoethylceliulosel 3 (0.4 mg protein per ml of resin). 5 mg of EF L32 were applied to the column (12 cm long; 1 cm in diameter) and eluted with 0.02 M sodium phosphate buffer, p11 7.0 (Fig. 2) . The fraction volume was 1.0 ml. Fractions wer assayed for antigenic EF activity by double gel diffusion, proteinl 4 and carbohydrate content' 5 . EF activity ehted after the void volume. Approximately 1 mg of purified EF was obtained, representing a 3-fold purification with respect to protein and a 4-fold purification with respect to carbohydrate.
Affinity chromatography using Ricinus lectin column
In a typical experiment, 16 mg of EF were applied to a Ricinus lectin column (Agarose-Ricinus communis Agglutinin 120, 7 cm long, I cm in diameter). The column was first eluted with 0.02 M sodium phosphate buffer, pH 7.0 (12 fractions) followed by a similar buffer containing 50 v M galactose (all fractions contained 2.6 ml per fraction, Fig.  3 ). Fractions were assayed for antigenic EF activity by double gel diffusion, protein and carbohydrate content and consequently, fractions detected by immunodiffusion pooled, dialyzed against water and lyophysized to yield purified EF (2.0 mg) possessing 8 x increase in the specific antigenic activity.
Determination of molecular weight
Partial specific volumes and molecular weights were determined by sedimentation equilibrium according to Edelstein The parlial specific volume ( )-was determined for EF L137 as 0.695 ml . g-and was used for this and for another EF sample (EF 152) to determine the molecular weights as 49,670 and 34,887, respectively. Samples studied were those purified on a Ricinus lectin column.
Amino acid analysis EF L131 was analyzed following acid hydrolysis using amino acid analyzer (LKB Model 3201). See Table I for results.
Carbohydrate analysis
Monosacciarlde components of EF were determined by GLC following methanolysls and trimethylsilylation [18] . See Table II 28 26
*From amino acid analysis.
Sulphur analysis EF L137 contained 1.17% and EF L52 --1.00% of sulphur. Substracting the sulphur content related to cystine and methionine (Table 1) , the remainder (0.84% and 0.49%, respectively) could correspond to 13.11 residues of sulphate in a molecule of EF L137 and 5.57 residues of sulphate In a molecule of EF L52.
Water determination
A sample of EF L137 (10.3 mg) was checked for the water content by dissolving in D20 (0.5 ml); 16 h later the water resonance was measured and Integrated ('H NMR, Varian model FT 80A). Callibration for water content was performed by the addition of 5 and 10 pl of water to the EF solution followed by repeated measurements. Water present In 020 and the theoretical amount of water obtainable through the exchange of amino acid and sugar residues of EF with 020 were substracted from the observed value. The corrected value of water content in EF L137 was determined as 35.6% (19.8 molelmg).
Taking advantage of the binding of Leishmanial secreted factors (EFs) to galactose binding lectins, purification of these compounds was achieved on peanut lectin and Ricinus lectin columns (Figs. 2 and  3) . Consequently, structured studies of purified EFs were carried out: molecular weight was determined by sedimentation equilibrium as 49,670 for EF L137 and 34,887 for EF L52. EF samples were composed of 32-20% amino acids, 20-25% carbohydrates and a large proportion of the rest was water (EF L137, 35.6%).
The amino acid composition was low in sulphur containing amino acids and high In acidic amino acids. Some of these carboxylic acid residues could be Involved in amide bond formation, a proportion of which might he present at the linkage to the carbohydrate moiety, while the rest alongside with apparently present sulphate residues could be responsible for the established acidic (32.3 acid residues per molecule, Table 1 ) (polyanionic) properties (4,7) of EF.
The carbohydrate portion of EF (Table I) is particularly rich in a tose, a fraction of which must be at the non c-ing ends, and contian; also mannose, glucose, fucose and a small proportion of xylose and Arablnose.
In the process of affinity chromatography, we have observed (Report No.2, p.6) micrnheterogeniety, demonstrated, for instance, by the increase of galactnse/mannose ratio if EF peaks between early and late fractlons can be understood in view of the galactose binding properties of the Ricinus lectin column.
An alternative system of affinity chromatography, affinity chromatoraphy using antibody bound to Sepharose, was also investigated Report No.), p.6) but requires further refinement.
3.
Radiohmmuno-assay (RIA) for the Diagnosis of Leishmanisis:
RIA technihpqi, based on the binding of antibody to solid phase coating EF, followed by protein A labeling, was used as previously described by Avraham et al (19) . The test was done in both polysterene tubes (100nm x 13mm, Nunc, Denmark) and 96 wells microplates (Sterilln, England). Coating with EF was done In tubes and microplates either treated with glutaraldehyde or left untreated. EFs and glutaraldehyde were diluted in borate buffer saline (BBS) p1l 8 and dilutions of sera and protein A were made in BBS containing 10% foetal calf sertim. The assay for both L. tropica and L. donovani EF was as follows: 100 ul 12 5 1-protein A providing about 50.000 counts/min were added. The reaction was terminated by the addition of 120 jil of O.IN NaOll. The solution from each well was then transferred to plastic tubes and the radioactivity measured.
For inhilbitin studles, 0.2 ml of 1:10 dilutions of antisera were mixed with serial dilutions of EF at a final volume of 0.2ml. After incubation for 30 rein at 31*C, the adsorbed sera were added to the EF coated microplates and the radioactivity was measured.
Results obtained by this method are as follows:
a. Fractionation of dissociated EF-antibody complexes When dissociated complex of L. donovani EF and rabbit anti-EF antibodies were separated on a Sephadex G-l00 column, two main fractlnots were obtained; firstly, the antibody fraction (MW-11.000), followed by an EF fraction (MW=33.000) (Fig. 4) . After dialysis, both fractions displayed the characteristic behavior (f the original starting material. The antibody fraction displayed only one band after immunoelectrophoresis against goat ant i-rahhlt serum (Fig. 5) . Similarly, the EF fraction showed one precipitating band, which ran to the same locus as the original untreated EF. This technique, used alone or in combination with one of the previously described methods, leads to greater purification of EF as well as to the separation of monospecific anti-EF rabbit IgG.
b. Coating the plate Under the conditions described, EF that had been purified by extraction with phenol, followed by gel filtration on Sephadex G-100, was found tQ be the only EF preparation that could be bound to tubes and microplate wells. All the other EF preparations obtained by either precipitation and chromatography or by the dissociation of inrnune complexes, did not bind to the plates and showed the same activity with antibody as untreated control EF.
It appears that the absolute amount of EF coupled to the plate depends essentially on the level of purification and the nature of the medium component that acts as a carrier, rather than the amount of antigenic determinants of the EF.
Ihe concentration of EF used for coatinq the wells was 0.6 to 1.2 mgl/mI.
Immunodiffusion of this EF with homologous antiserum produced an Immune precipitate at a maximum dilution 1:2. Concentration exceeding 1.2 mglml increased the strength of the binding without affecting the specificity (Fig. 6) . At concentratinos less than 0.35 mg/ml, no antibodies were detected. Almost nn differences In extinction values were seen with wells coatil or uncoated with glutaraldehyde.
c. Speclficlty of the assay
The Interaction of antisera with different EFs and the specificity nf the reaction is given in Fig. 7 . The results obtained indicated that anti-L. tropica and anti-L. donovani reacted only with homologous EF. Thw7ng to the higher conc ntration of rabbit anti-L. donovani IgG, as measured by immunodiffusion, higher binding was observed with this antiserum, as compared with anti-L. tropica serum at corresponding dilutions.
In most cases, the activity obtained with the heterologous antiserum was almost the same as that of control normal rabbit serum. With antisera diluted at 1:10, 18% of the anti-L. donovani antibodies were bound toL. tropica EF, 32% of anti-L. ropica antibodies were bound to L. donovan EF and 12.5% to--6U normal rahhit antibodies were bound nonspecifically to L. donovani and L. tropica EF respectively.
By adding monospecific anti-L. donovani EF IgG to plates coated with monologous EF (1.2 mg/m), it was found that as little as 0.06-0.12 1.g/ml of anti EF IgG could be detected. Based on the results with the monospecific IgG, the amount of anti-L. donovani EF in whole rabbit anti-L. donovani serum was 0.06 mg/miTC.
d. Inhibition study
As indicated In Fig. 8 , the reaction of both anti-L. donovani and anti-L. tropica sera could be completely inhibited by preincubation w t.bh,-OTogous EF. 300 ug of L. donovani and L. tropica EF were ufficient to block all the anti-EF antibodies present in I ml of homologous antiserum, and as little as 10-20 ug/ml of EF could he detected.
e. Detection of antl-EF antibodies in mice and humans suffering from cuT5anioiisli*_iiF#ani1asi s Anti-EF activity in sera from humans infected with L. tropjc is shown In Table Ill . Of 7 sera examined from patienliwiTh active or a history of cutaneous leishmaniasis, 4 (57%) with parasites present in their skin lesion showed maximum activity of 1.4 to 2.25 times higher than normal uninfected control.
lo anti-EF antibodies were detected in the serum of a patient with active Leishmanlasis recidiva.
Serum collected from BALB/c mice 40 days after infection with L. tropicna, was also assayed for anti-EF antibodies. These mice showed well-developed lesions and parasites were detected in both their skin lesion and in their spleens. The anti-EF antibody activity detected in these sera was as high as 25.6 times that of a normal non-Infected mouse serum.
The immune response to leishmanial infection is considered to be mainly cell mediated (20) ; however, the productin of non-protective antibodies has been detected in all forms of leishmaniasis, i.e. cutaneous, mucocutaneous and visceral leishmaniasis (21) (22) (23) (24) (25) (26) (27) . The procedures for measuring these antibodies have not proved totally satisfactory In the diagnosis of leishmaniasis, owing to the limited sensitivity of the tests used, especially in cutaneous leishmaniasis, and beacuse of cross-reactivity between different species of Leishmania anti other microorganisms. While the antibody titers in
5.
LA-@2
visceral leishmanlasis in man are high and rise sharply during Infection (25,28), In patients with uncomplicated self-curing cutaneous leishmaniasis, the titers are low to negligible (22, 24, 27) . In mucocutaneous leishmaniasis, antibody is only detected when metastases occur (22,21,28) . Furthermore, the fluorescent antibody test (FAT) used in mijcncutaneous leishmaniasis is only genus specific (29) and non-specific cross-reactions occur with other genera, e.g., Trypanosoma cruzl (29). Similarly, serum from patients with viscera -1-eishin5an|sls may cross-react with T. cruzi and Mycobacteria in both the FAT and the Indirect hemagglutinatlonTllA) tests (30, 31) . Allain and Kagan (32) in a well-controlled study, also Indicated the high cross-reactivity obtained with three strains of Leishmania in the direct agglutination test. In this study, where enzyme-treated, ( formalin-fixed promastigotes were used, 61-96% of the sera from patients with kala-azar also reacted with L. tropica and L. brazillensis parasites. In addition, sera from patients with Ain-erican cutaneous leishmanlasis were 54 to 55% positive with the other two strains.
These problems appear to be a feature of the leishmaniases, the diagnostic tests and of the antigens used. In these tests, and the ELISA in which the sensitivity of the test is greatly increased (33, 34) , Intact parasites or somatic soluble antigens were used. This may account for the non-specificity and cross-reactivity with other microorganisms.
Unlike somatic antigens, leishmanial EF is antigenically specific for leishmanial serotypic groups. In a previous paper (35), we used EF in coagglutinatIon and Indirect hemagglutination tests. In both types of test, the reaction with EF was sensitive and specific.
The iiniological specificity of leishmanial EFs and their isolation from other leishmanial antigens and contaminating medium components (4,6) was utilized In this study to provide a non-sensitive means of detecting and measuring the antibody response to leishmanial infection. Since EF Is haptenic (4), anti-leishmanial EF antibodies are produced In rabbits by the inoculation of whole promastigoes (1) . Although the antibodies obtained by this procedure bind with EF, some also bind with somatic components of the parasites.
The data presented In this study indicate that the binding of EF to antibody Is sufficiently avid for this to be used as a basis for RIA, and this is perfectly adequate for the measurement of both EF and antibody titers. Three further features were found to be of potential value for this test. Firstly, it was found that it is not essential to have highly purified EF for inmobilization on the solid phase, and, when Impure EF was used, sensitivity was not affected. Secondly, the use of isolated leishmanial antigen avoids crossreactivity that occurs with other procedures. Finally, there is no limitation as to the species of origin of the antibodies. Furthermore, while the method of purification was significant in the binding of EF to the plates, no effect was observed with regard to inhibition study. The EFs produced by the three methods described: phenol extraction, precipitation and chromatography (4) and dissociating antigen-antibody complex, similarly inhibited the activity of homologous antibody, when used at the same concentration.
By using homologous and heterologous antisera, the specificity of the test was found to be high in all instances tested. Furthermore, by inhibition studies on antibodies against L. tropica and L. donovani, EF was demonstrated only after absorption with heterologours EFbut not after absorption with homologous EF. Thus, antibodies were neutralized only with homologous EF.
in a comparative study, Rassam a Al-Mudhaffar (36) indicated the superiority of the micro ELISA as compared to gel diffusion immunoelectrophoresis and counter current electrophoreses for the diagnosis of visceral lelshamniasis. 1.5 ug of protein antigen and 30 Pl of serum were adequate for the test. Similarly, in our work (37), we sensitlzrd papfln-treated red blood cells with EF, at a concentration of 15 to 31) lqI/ml, and in coagglutination test purified L. donovani yields pnsitive reactions at a concentration of 7.8 Pg/ml.
In the present wnrk we found that 1-2 Pl of antiserum are sufficient for the RIA, and as little as 0,6-1.2 ug/ml anti-EF IgG or 1-2 vgtml EF could be detected.
Based on tho results obtained with sera from humans and mice infected with L. tropica, It seems that the RIA developed in this study will be of-vai-]"-i-)oth Immunological and diagnostic studies of leishmanlasis. When sera from patients with cutaneous leishmaniasis were tested, antl hodles could be detected at a maximum level of 2.25 times higher than normal controls.
However, in two cases with active r~itaneous leIshanlasis, antibody levels were the same as that of 'al controls. In sera from mice infected with the same type of , ,Ite, but where the disease became visceral, the titers were 25.6 times higher than normal controls. These results are not surprising, since, In cuitaneous leishmaniasis, antibodies may only be detected when the Iynphatics are involved (24, 25) ; whereas in visceral leishmanlasis, the IgG titers are greatly elevated (24, 27) . This illustrates the potential of this RIA technique in the diagnosis of visceral and mucocutaneous leishmaniasis.
In concluiion, we believe that the use of leishmanial EF for RIA will prove valuable in the diagnosis of leishmaniasis. RIA is generally a very sensitive test. The use of EF has the advantage of its being stable and specific in this test. Undoubtedly, experience will lead to modification and refinement of the technique, depending on its specific application. However, sufficient details have been presented here to enable its immediate use with regard to the detection of cutaneous lelshmaniasis and the measurement of EF levels.
4.
Surface Carbohydrate (Related to EF) and the Binding of Leishmania roatgot-es-o-Macrophages It is known that liver and peritoneal macrophages have specific galactose-blndlng receptors (hepatic binding protein, HBP) which are able to bind neuraminidase-treated cells where galactose is the non-reducing sugar as a prelude to their catabolism (36-39) . It was demonstrated recently, however, that the galactose or the M-acetylgalactosanlin specificity of H8P is not high and additionaT monosaccharlde (e. glucose) can compete, though less favourably, for HBP binding (36.
The first annual report, section 5b, has described the presence of a high galactose content in EF, a finding that was further supported by our current analyses, p. 8. In addition, we have demonstrated that promastlgntes of both L. tropica and L. donovanl are agglutinated by low concentrations of peanutTlectin and Ricinus lectin and that dissociation is readily achieved by the adTition of galactose. This indicates the presence of oligosaccharldes possessing terminal non-reducing galactose as a partial structure of the promastigote surface (first annual report section 2a and current results concerning Rlicinus lectin).
We propose that the host cell (macrophage) membrane might contain a galactose-blnding receptor, possibly the well-documented hepatic binding protein (If8P), capable of binding either the parasite or EF. Leishmarnla may thus be attached initially to the macrophage via such a gaTose-binding site and be subsequently engulfed by themacrophage.
For attachment study of promastigotes to macrophages, the culture system of llandman a Spira (40) was adapted. Peritoneal exudate cells (PEC), mostly macrohages, from C3H mice were harvested 5 days after I.P. stimulation with 2 ml thioglycolate. On the day of harvest, the cells were collected in McCoy's medium containing 5 units of heparin, 100 ug streptomycin and 100 units penicillin per ml. The cell concentratinn was brought to 5 x 105 cells/ml and 1 ml was plated into each well of the 24 wells microplate. Before adding the PEC, 12 mm diameter sterile coverslips were placed in each well. 24 hours after incuhationi at 37C in an atmosphere of 5% CO 2 in air, the medium was changed, removed, and 200 91 of the sugar in the desired concentration made in flank's balanced salt solution containing 1% albumin (IilSSA) was added. After 15 min at 37"C, the sugar was replaced with 400 ul of the same sugar, at the same concentration containing 2 x 107 washed promastigotes. After a further 10 min at 37C, the PEC were washed 5 times with phosphate buffer, fixed and stained with Glemsa. Following counting, the parasite attachment index (PAl), (section 8) was calculated. . 10%) , the effect of lower saccharlde concentrations may be due to additional sugar nutrient. Sugars at concnetrations of 0.5 M are non-toxic to both promastigotes and macrophages. Following the addition of 0.5 M saccharide and incubation as described, the cells are washed and give normal infective rates.
Conclusions
In the vertebrate host, Lefshmania are obligatory intracellular parasites of the mononuclear phagocyte, in which they grow and multiply as amastigotes even in the presence of lysosomal enzymes (41, 42) . The mechanism of survival of these microorganisms within these cells Is still unknown. It was recently shown that EF acts as a conditioner for amastigotes in macrophages from resistant animals (40) .
a. EF, previously purified by physical and chemical methods was further purified here-by affinity chromotography on peanut and Ricinus lectin columns. The purified samples were characterized and -alysed. The results show a notable proportion of galactose in EF and clarify the reasons for the polyanionic properties of EF. The sugar component is of particular importance since it carries the antigenic determinants of Leishmania [2, 7] , and is relevant to the infective process of this parasite (7, 43) .
b.
A radlohnoumioassay for the quantitative determination of antileishmanlal excreted factor (EF) antibody in rabbit sera was developed. The assay, using Leishmania trop ica and Leishmania donovani promastigote EF, puriTT by extraction with phenol foTlowei by Sephadex G-1O0 column, was shown to be sensitive and reproducible, and may be used for the diagnosis of leishmaniasis in man and aninals. Using monospecific anti-EF antibodies, titers as low as 0.6-1.2 pg/ml of anti-EF IgG could be detected. The specificity of the assay was assessed by inhibition with homologous and heteroloqnts EF. Only minor cross-reactivity with heterologous EF was observed. Sera from human subjects and mice infected with L. tropica, showed 2.60 and 25.6 times more anti-EF activity, as comparei-with non-infected controls.
c. Leislmianla tropica promastigotes are easily attached to and engulf( y-C31--pieritoneal macrophags in vitro at 37"C. Different sugars at 0.3-0.5 M inhibited in vitro the attachment of L. tropica promastigotes to C 3 H peritonea macrophages with lactose-( al-o(I*4)Glc) being the most efficient. Other sugars which were less inhibitory but still were found to be effective were: raffinose>methyla-D-mannopyranoside>inethyle-Dgalactopyranosidexmethyl -0-galactopyranoside>O-arabinose>D-glucose. Sugars at concentrations of 0.5 M are non-toxic to both promastigotes and macrophages, while 1 M and higher concentrations are toxic to host cells.
This study suggests that Leishmania, an obligatory iniracellular parasite, uses as a means of entering the host cell a cellular mechanism similar to that which is used in the removal of damaged cells from blood circulation. Once the parasite is inside the cells, the EF it produces might have a protective function, being inhibitory to some of the host cell lysosomal enzymes.
fial IElution profile of crude L. tropica JJ' treated with phenol and put through a .ephrldex G-100 column.
A 5ml sample was fractionated on it 2.5x40 cm coluimn of Sephadex G-lOO, with a flow rate of 2 0m1 per hr, using distilled water as the eluent. Fraction number Fig. 3 Affinity chroinatography of EF 1137 on a coloiumn of iumrobili~ed Ricinus lectin. *--9, protein (jiglfractiom); :'--, carbohyTiiteTug/fraction); x--x, EF activity. Indicated fractions were pooled. The upper trough contains rabbit anti-L. donovani antiserum, and the lower trough contains goat ant iirabitsePrum. 
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